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In their interesting correspondence on our 
Analysis article (The Big Bang of picorna-
like virus evolution antedates the radiation 
of eukaryotic supergroups. Nature Rev. 
Microbiol. 6, 925–939 (2008))1, Krupovič 
and Bamford insist that any study on the 
evolution and classification of viruses 
should take a capsid-centric approach 
(Does the evolution of viral polymer-
ases reflect the origin and evolution of 
viruses? Nature Rev. Microbiol. 9 Feb 2008 
(doi:10.1038/nrmicro2030-c1))2. From this 
perspective, they question the relevance of 
our recent study of the picorna-like virus 
superfamily, which was based on an analy-
sis of the evolution of proteins involved in 
viral genome replication1. The importance 
of the capsid in the life cycle of viruses is 
obvious, and the recurrence of the capsid 
protein fold (the jelly-roll domain) in an 
enormous range of icosahedral viruses is 
remarkable3,4. Having said this, we think 
that the capsid-centric approach and the 
associated definition of a virus4 are unnec-
essarily rigid and could lead to neglect 
of important aspects of the evolutionary 
dynamics of the virus world (virosphere) 
and even to overt contradictions. A more 
inclusive approach to the evolution of 
viruses that considers genes with different 
functions is likely to be more productive.

In an earlier study of the virus world, 
we delineated a set of viral hallmark genes 
that included both the jelly-roll capsid 
protein and the RNA-dependent RNA 
polymerases (RdRps), as well as several 
additional genes, such as those that encode 
superfamily 3 helicases and packaging 
ATPases5. The hallmark genes are present 
in extremely diverse groups of viruses, in 
which they are central to viral replication 
and structure, whereas cellular life forms 
possess only distant homologues of these 
genes. Differential mixing and matching of 
the hallmark genes and their combination 
with other, lineage-specific genes provides 
for the enormous diversity of genome 
organizations of viruses and virus-like 
elements. Therefore, none of the hallmark 
genes alone, be it the capsid protein or the 
RdRp, represents the ‘essence’ of a virus; 
less metaphorically, the phylogeny of any 
single gene cannot adequately represent the 
evolutionary processes in the virus world. 
These processes constitute a complex 

network of vertical and horizontal paths 
that, in principle, cannot be described by 
a single tree, which represents a paradigm 
shift that is increasingly recognized in 
evolutionary biology in general6,7. 

In our reconstruction of the evolution 
of the picorna-like superfamily of RNA 
viruses, which was defined by the analysis 
of overlapping arrays of conserved genes, 
rather than a single gene, we attempted 
to infer the history of vertical inheritance 
and horizontal gene transfers1. Although 
the phylogenies of even the most highly 
conserved genes cannot, in principle, fully 
reflect the evolutionary process, some 
provide an indispensable framework on 
which to map various events that occur 
during the evolution of a particular class 
of viruses. From this perspective,  for 
RNA viruses, the RdRp seems to have a 
distinct advantage over the capsid protein. 
Indeed, except for some satellite viruses, 
all RNA viruses encode the RdRp, because 
cellular life forms possess no enzymes 
that are capable of replicating long RNA 
molecules. By contrast, RNA elements, 
which encode no capsid protein but clearly 
evolved from RNA viruses, are common, 
as are displacements of the capsid protein. 
The most conspicuous and relevant cases 
are the capsid-less hypoviruses and the 
potyviruses, which possess filamentous 
capsids. The inclusion of potyviruses in 
the picorna-like superfamily is hard to 
question given not only the high conserva-
tion of the RdRp sequence but also the 
presence of two other conserved genes, 
the 3C-like protease and VPg. The hypovi-
ruses have a similar genome organization 
to, and in all likelihood evolved from, 
potyviruses:  the capsid protein was prob-
ably lost during the adaptation to fungi8. 
In the case of the hypoviruses, the vector 
of evolution is clear, and the loss of the 
capsid protein gene makes the capsid-
centric perspective irrelevant. In addition 
to the hypoviruses, there are several 
groups of capsid-less RNA elements that 
seem to be derived from other viruses, 
including narnaviruses, mitoviruses 
and umbraviruses; all these groups are 
recognized as viruses by the International 
Committee on Taxonomy of Viruses9. 
Extensive connections between bona fide 
viruses and capsid-less elements are also 

observed among retroid viruses and small 
DNA viruses4.

The statement that “the jelly-roll fold 
is common to most ssRNA eukaryotic 
viruses” is inaccurate. Even apart from 
the negative-strand RNA viruses, none of 
which is known to possess this fold, most 
of the positive-strand RNA viruses within 
the order Nidovirales and the alphavirus-
like superfamily have capsid or nucleocap-
sid proteins other than the jelly-roll10,11. 
The alphavirus-like superfamily is defined 
by a conserved core of replicative genes 
that encode the capping enzyme, super-
family 1 helicase and RdRp. The animal 
viruses of this superfamily (alphaviruses) 
possess capsid proteins that belong to the 
family of chymotrypsin-like proteases, 
whereas most of the plant viruses, such 
as tobamoviruses, flexiviruses and clos-
teroviruses, form helical capsids; none 
of these capsid proteins is related to the 
jelly-roll. Thus, owing to horizontal gene 
transfer and gene displacement, capsids 
show greater variance in distribution than 
RdRp and other RNA replication enzymes 
that, accordingly, are more useful for par-
simonious reconstructions of RNA virus 
evolution. 

To conclude, the virus world is a dynamic 
network of relationships in which genes 
have diverse, variously intertwined histories 
and viruses that possess capsids and mobile 
genetic elements that do not show a recur-
ring pattern of evolutionary links. The capsid-
centric approach is therefore unable to 
capture the full complexity of the virosphere 
evolution and the contributions it makes to 
the evolution of cellular life forms.
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